Hydro(solvo)thermal construction of a copper coordination polymer involving in situ ligand synthesis: Preparation and Structure of [Cu-3(bdcO)(2)(H2O)(2)](n) by JIANG Ya-Qi et al.
24 卷 4 期                           结  构  化  学（JIEGOU HUAXUE）                     Vol. 24,  No. 4 
2005. 4                                  Chinese  J.  Struct. Chem.                                 457~461 
 
Hydro(solvo)thermal Construction of a 
Copper Coordination Polymer Involving 
in Situ Ligand Synthesis: Preparation and 
Structure of [Cu3(bdcO)2(H2O)2]n①   
 
JIANG Ya-Qi②  ZHOU Zhao-Hui  WEI Zan-Bin 
 (Department of Chemistry and State Key Laboratory for Physical  
Chemistry of Solid Surfaces, Xiamen University, Xiamen 361005, China) 
 
ABSTRACT    A hydro(solvo)thermal reaction of 1,3-benzenedicarboxylic acid (bdcH2) and 
CuSO4⋅5H2O produced a coordination polymer [Cu3(bdcO)2(H2O)2]n 1. The alkoxyl-1,3-benzene- 
dicarboxylate trianion (bdcO3－) found in the final product was in situ generated by the hydroxy- 
lation of bdcH2 during the synthesis. Its crystal structure has been determined by X-ray structural 
analysis. The complex belongs to a monoclinic system, space group P21/c with C16H10Cu3O12, Mr = 
584.86, a = 5.0349(3), b = 10.422(1), c = 15.639(1) Å, β = 91.977(2)º, V = 820.1(1) Å3, Z = 2, Dc = 
2.368 g/cm3, μ = 3.931 mm―1, λ(MoKα) = 0.71073 Å, F(000) = 578, the final R = 0.0328 and wR = 
0.0742 for 1730 observed reflections with I≥2σ(I). The copper atoms show different coordination 
environments. Each bdcO group is binds to three copper atoms through oxygen atoms of carboxy- 
lates and deprononated hydroxy group in bridging and chelating fashions, affording a copper atom 
coordinated by two [Cu2(bdcO)2]2
－ ‘matallo-ligand’ to yield an extending zigzagged layer perpen- 
dicular to the c axis. 
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 1  INTRODUCTION 
 
Increasing attention has been paid to the copper 
coordination polymer frameworks not only due to 
their intriguing structure diversity but also their 
potential applications in the areas of molecular ad- 
sorption, catalysis, electromagnetism and photo- 
chemistry[1～4]. Incorporation of both organic and in- 
organic components in these compounds has created 
a new direction in searching for functional materials 
with desired structures and properties. Over the last 
decades, the majority of synthetic reactions have 
been followed by the conventional solution routine 
which is always simply involved in coordination be- 
tween metal centers and ligands. Recently, hydro- 
(solvo)-thermal technique has been widely employed 
and it is found that in situ reactions, such as oxi- 
dation, dehydration, hydroxylation, hydrolysis, sub- 
stitution and polymerization process, can occur 
under hydro-(solvo)thermal conditions, leading to 
the formation of novel ligands capable of chelating 
and bridging ligation for the synthesis of coordination 
polymers[5～9]. Thus, since NR Champness and co- 
workers first put forward in situ ligand synthesis as a 
new approach to crystal en- gineering in 1997, many 
efforts have been made, obtaining a number of stri- 
king results[10～15]. Benzenedicarboxylic acid is well 
known as its excellent capability of coordination via 
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carboxylate groups[16, 17]. Though, some metal coor- 
dination polymers with benzenedicarboxylate were 
reported, the synthesis involving in situ reaction of li- 
gands is quite rare. We are interested in preparing co- 
ordination polymer based on carboxylates by both 
conversional aqueous method as well as hydro(solvo) 
themal synthesis. Our efforts resulted in a new com- 
plex with [Cu3(bdcO)2(H2O)2]n formula, and herein 





2. 1  Synthesis and characterization 
The title complex 1 was hydro(solvo)thermally syn- 
thesized under autogenous pressure. The mixture of 
bdcH2, CuSO4⋅5H2O, NaOH, H2O and C2H5OH in 
the mole ratio of 1:1:1:500:500 was stirred for 20 
minutes, then transferred and sealed in a 30 mL 
Teflon-lined stainless vessel which was heated at 
165 ℃ for 120 h. The oven was cooled to room 
temperature at a rate of 5 ℃/h. The resulting green 
rod-like crystals were filtered, washed and dried in 
air (yield 40%). Elemental analysis: C, 33.26% 
(32.86%); H, 1.63% (1.72%). IR (KBr pellet): 3277s, 
2923w, 1592s, 1523s, 1463s, 1447s, 1382s, 1280s, 
1255m, 1220w, 1168w, 1102m, 1081m, 951m, 885m, 
850m, 837m, 760s, 712w, 636s, 568w, 543w, 498w, 
460w, 444w and 417w cm－1, in which two strong 
bands at 1592 and 1523 cm－1 can be attributed to the 
νas (COO
－) antisymmetric stretching, and the cor- 
responding symmetric stretching νs (COO
－) appears 
in 1463, 1447 and 1382 cm－1. 
2. 2  X-ray crystallography 
A green rod-like single crystal with dimensions of 
0.16mm × 0.12mm × 0.11mm was selected. The unit 
cell dimensions and intensity data were measured on 
a Bruker CCD area-detector diffractometer by using 
a graphite-monochromatic MoKα radiation (λ = 
0.71073 Å) at 298 K. A total of 5626 reflections inc- 
luding 1886 independent ones (Rint = 0.0256) were 
collected in the range of 2.35≤θ≤28.24° by using 
the ϕ and ω scan mode, of which 1730 reflections 
with I≥2σ(I) were observed. An empirical absorp- 
tion based on symmetry equivalent reflections was 
applied with SADABS programs[18]. The structure 
was solved by direct methods with SHELXLS-97[19] 
and refined by full-matrix least-squares on F2 with 
SHELXL-97[20]. All non-hydrogen atoms were re- 
fined anisotropically. The H atoms of water mole- 
cules were located and refined, subject to O–H = 
0.85 Å and H…H = 1.39 Å, and the displacement 
parameters were set to 1.2 times Ueq of their parent 
atoms. The C-bound H atoms were positioned ge- 
ometrically and constrained with a riding model 
(C–H = 0.97 Å). The final refinement was converged 
at R=0.0328, wR=0.0742 (w=1/[σ2(Fo2) + (0.0308P)2 
+ 1.3805P], where P = (Fo2 + 2Fc2)/3), (Δ/σ) = 0.001, 








                                         Scheme 1 
 
3 RESULTS AND DISCUSSION 
 
The atomic coordinates and equivalent isotropic 
displacement parameters for the non-hydrogen atoms 
are listed in Table 1, the selected bond lengths and 
bond angles in Table 2, and the hydrogen-bonding 
geometry in Table 3.  
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Table 1.  Atomic Coordinates (×104) and Equivalent Thermal Parameters (Å2×103)  
Atom x y z Ueq Atom x y z Ueq 
Cu(1)     4042(1) 3675(1) 4850(1) 19(1) C(1)     1324(5) 5806(3) 3962(2) 18(1) 
Cu(2)     5000 0 5000 26(1) C(2)     8874(5) 2878(3) 6257(2) 18(1) 
O(1)      3147(4) 5404(4) 4544(1) 22(1) C(3)     10753(6) 2483(3) 6885(2) 23(1) 
O(2)      1027(4) 2960(4) 4285(1) 23(1) C(4)     12441(7) 3348(3) 7286(2) 28(1) 
O(3)      5102(4) 2105(2) 5384(1) 22(1) C(5)     12362(6) 4622(3) 7034(2) 23(1) 
O(4)      8004(4) 712(2) 5845(2) 27(1) C(6)     -548(6) 4939(3) 3588(2) 19(1) 
O(5)      -2962(4) 3003(2) 3681(2) 25(1) C(7)     -816(6) 3555(3) 3867(2) 19(1) 
OW      7067(4) 451(2) 4010(2) 27(1) C(8)     7263(6) 1860(3) 5813(2) 20(1) 
Ueq is defined as one third of the trace of the orthogonalized Uij tensor. 
 
Table 2.  Selected Bond Lengths (Å) and Bond Angles (°)  
Bond Dist. Bond Dist. Bond Dist. 
Cu(1)–O(2) 1.883(2) Cu(1)–O(5)b 2.510(2) Cu(2)–OW 1.953(2) 
Cu(1)–O(3) 1.904(2) Cu(2)–O(3) 2.275(2) Cu(1)–O(1) a 1.931(2) 
Cu(1)–O(1) 1.915(2) Cu(2)–O(4) 2.108(2) Cu(1)–Cu(1) a 2.958(1) 
Angle (°) Angle (°) Angle (°) 
O(2)–Cu(1)–O(3) 94.33(9) O(1)a–Cu(1)–O(5) b 92.73(8) O(2)–Cu(1)–O(5) b 92.46(9) 
O(2) –Cu(1)–O(1) 94.33(9) OWc–Cu(2)–O(4)   120.93(8) O(3)–Cu(1)–O(5) b 85.05(9) 
O(3)–Cu(1)–O(1) 168.02(9) OW–Cu(2)–O(4) 91.26(9) O(1)–Cu(1)–O(5) b 102.83(9) 
O(2)–Cu(1)–O(1)a 172.66(9) OWc–Cu(2)–O(3) 91.76(9) O(4) c–Cu(2)–O(3) 120.93(8) 
O(3)–Cu(1)–O(1) a 91.28(9) OW–Cu(2)–O(3) 88.24(9) Cu(1)–O(1)–Cu(1) a 100.54(9) 
O(1)–Cu(1)–O(1) a 79.46(9) O(4)–Cu(2)–O(3) 59.07(8) Cu(1)–O(3)–Cu(2) 135.17(11) 
Symmetry codes: a –x+1, -y+1, –z+1   b x+1, y, z    c–x+1, –y, –z+1    
              
Table 3.  Hydrogen-bonding Geometry (Å, °)  
D–H…O D–H H…O D…O D–H…O 
OW–HW1…O(5)a 0.84(1) 1.87(1) 2.71(1) 171(3) 
OW–HW2…O(4)b 0.84(1) 1.94(1) 2.76(1) 171(4) 
    Symmetry codes:  a x+1, y, z   b –x+2, –y, –z+1   
 
Fig.1.  ORTEP drawing of [Cu3(bdcO)2(H2O)2]n     Fig. 2.  Perspective view of the chain-link Cu2O2 cores 
with 50% probability thermal ellipsoids 
 
X-ray crystal structure of the title complex reveals 
unequivocally that the hydroxy group is attached to 
a carbon atom (C–O = 1.334(6) Å) of the benzene 
ring of bdcH2, forming a completely deprononated 
2-alkoxyl-1,3-benzenedicarboxylate (Scheme 1) li- 
gand. The formation mechanism is not yet known, 
but probably arises from in situ hydroxylation of the 
ligand. Under such condition, in situ hydrolysis and 
oxidation can lead to the conversion of cyano, ester, 
and aldehyde groups to carboxylate[7, 21, 22]; and in 
situ intramolecular dehydration of gutamic acid can 
form a lactam hydroxylate[23]. Moreover, hydroxy- 
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lation of bipyridine and phenanthroline has been 
observed in superheated water[24]. It is not surprising 
that hydroxylation of benzenediacarboxylic acid can 
occur in superheated ethanol/water. When using the 
same ligand as the starting material at room tempe- 
rature in an otherwise reaction, it did not lead to any 
changes in ligand and resulted in a coordination po- 
lymer with bdc ligand[25]. Furthermore, the identical 
reaction tried in the absence of sodium hydroxide 
did not form any solid products. Interestingly, in situ 
hydroxylation of bpy and phen also occurs in the 
presence of sodium hydroxide. It is found that the 
formation of Obpy and Ophen fragments was signi- 
ficantly dependent on the pH value. Generally, in situ 
ligand synthesis might be sensitive to certain experi- 
mental parameters, such as temperature, pressure, 
solvent, stoichiometry, pH level and even reaction 
time. In this case, the base environment, high tem- 
perature and pressure proved to be effective for the 
hydroxylation of bdcH2 when suitable transition 
metal salts are present. 
X-ray single-crystal structure determination showed 
that there exist two crystallographically independent 
copper atoms in the asymmetric unit of [Cu3(bdcO)2- 
(H2O)2], though both formal oxidation states are +2 
(d9) (Fig. 1). Cu(1) is roughly coordinated to four 
oxygen atoms of which two (1.915(2), 1.931(2) Å) 
belong to the deprotonated hydroxy groups and the 
other two (1.883(2), 1.904(2) Å) to the carboxylate 
groups of two bdcO ligands. The Cu(1) center thus 
has a distorted square geometry. The metal atom (Cu 
(1)) slightly deviates from the plane (0.14 Å) con- 
sisting of O(1), O(2), O(3) and O(1a). The Cu(2) atom 
lying on the center has a very distorted octahedral 
4+2 environment, with a Jahn-Teller elongated along 
the cis O(4)–Cu(2)–O(4) bond composed of three 
pairs of center-related atoms. The bond distances 
and bond angles associated with the dicarboxylate 
anions are also in the ranges expected for this type 
of bonding. In addition, the bond length of 2.510(2) 
Å between Cu(1) and O(5a) (symmetry code: x+1, y, 
z) suggests a non-negligible interaction, which may 
be described as a semi-chelating coordination mode. 
Considering the weak interactions, the coordination 
polyhedron of Cu(1) is distorted from square to- 
wards a square pyramid. As show in Fig. 2 briefly, 
the bis-phenoxo-bridged Cu2O2 core adopts a but- 
terfly geometry and interconnected through the weak 
interaction to generate a ribbon motif extending along 
the a axis. Within the core distance of two center- 









             Fig. 3.  Perspective view of a one-dimensional chain along the b axis 
 
It can be viewed that Cu(1), Cu(1a) and two bdcO 
form a [Cu2(bdcO)2]2
－ ‘metallo-ligand’, and a pair 
of such ligands are then coordinated to another cop- 
per atom Cu(2) in the equatorial site, resulting in an 
infinite one-dimensional chain-link structure (Fig. 3). 
There exist π-stacking interactions between two ad- 
jacent chains via six-membered rings (Cu(1), O(1), 
C(1), C(6), C(7), O(2)) of different chains. A two- 
dimensional zigzagged layered architecture perpen- 
dicular to the c axis is constructed through π-π inte- 
ractions with the face-to-face distance of two six- 
membered rings being 3.088 Å (Fig. 4). Besides, the 
presence of hydrogen bonding within the layers as- 
sists in stabilizing the whole structure, and it also 
gives rise to the bond length of Cu(1)…O(5) shorter 
than that found in the similar structure[13]. The layers 
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of [Cu3(bdcO)2(H2O)2] are held together by Van der 
Waals’ interactions and the distance between two 
nearest neighboring layers is ca. 5.0 Å. 
In summary, we have structurally characterized 
[Cu3(bdcO)2(H2O)2] 1 prepared from CuSO4.5H2O 
and bdcH2 by the hydro(solvo)thermal reaction. 
Complex 1 contains bdcO ligand which was pro- 
duced from in situ from the hydroxylation of bdcH2. 
It suggests that more novel structures can be ob- 
tained by in situ ligand synthesis via hydro(solvo) 
thermal methods even with common ligands.
                      Fig. 4.  Packing arrangement of the title complex 1, 
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In the tetranuclear complex, each 
Mn(II) atom is six-coordinated and the 
four Mn(II) atoms are coplanar, exhi- 
biting a parallelogram arrangement; 
while the deprotonated ligands are oxi- 
dized to O-Py3A2
－ anions and cleaved 
to DPK-CH3O– anions furthermore. 
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The crystal structure consists of dis- 
crete, roughly square-planar molecules. 
The doubly deprotonated ligand is qua- 
dridentate and binds to Ni(II) via the 
oximo nitrogen, two imine nitrogen and 
the deprotonated phenoxy oxygen atoms.
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A hydro(solvo)thermal reaction of 1,3-benzenedicarboxylate acid (bdcH2) and 
CuSO4⋅5H2O produced a coordination polymer [Cu3(bdcO)2(H2O)2]n 1. The de- 
protonated 2-hydroxy-1,3-benzenedicarboxylate trianion (bdcO3－) found in the 
final product was in situ generated by the hydroxylation of bdcH2 during the 
synthesis. Each bdcO group is bound to three copper atoms through oxygen atoms 
of carboxylates and deprononated hydroxy group in bridging and chelating 
fashions, affording a copper atom coordinated by two [Cu2(bdcO)2]2
－ ‘matallo- 
ligand’ to yield an extending zigzagged layer perpendicular to the c axis. 
 
 
Ab Initio Study on  
the Anti-HIV Activities  











The title compounds, for example 2,3,4-3Hydroxyflavone, have the strong 
anti-HIV activity. 
 
 
